AD-A173  4M  STOCHASTIC  PARTIAL  DIFFERENTIAL  EQUATIONS  IN  PHYSICAL 
AND  SYSTEMS  SCIENCES(U)  HAYNE  STATE  UNIV  DETROIT  HI 
COLL  OF  LIBERAL  ARTS  P  CHON  ET  AL.  It  NOV  OS 
UNCLASSIFIED  ARO-18973.  16-HA  DAAG29-83-K-0tl4  F/G  12/1 


ooi7  sziv-av  ao°  Dili 


/  m 


FOR  RCPRODUCT  ION  PURPOSES 


:EC'JR|TY  31-  .«$ SI  cl C  ATI ON  OE  THIS  3^GE  ;^*h«n  t! nt-ir-ti) 


£ 


j  33?C37  CCCiJMcHTATiCN  PAGE 

READ  INSTRUCTIONS 

3E70RE  COMPLETING  FORM 

('•  report  1  u  m  .>  er  >2.  govt  accession  no. 

Afco  ftlns.tt'frh  >;/a 

4.  RECIPIENT'S  CATALOG  NUMBER 

N  /  A 

:  V  7  £  ,3tj rt  >y 

|  Stochastic  Partial  Differential  Equations  in 
'  Physical  and  Systems  Sciences 

5.  TYPO  OF  REPORT  j  PERIOD  COVERED 

Final  Technical  Report 

Dec.  1,  1982-August  30,1986 

i.  PC  ““COMING  ORG.  REPORT  NUMBER 

*u  r:io.?f  ».i 

:  Pao-Liu  Chow  and  Jose-Luis  Menaldi 

i 

i 

3.  CON  r  *  act  OR  GRAnT  N  UM  3  ERZ«.) 

DAAG29-83-K-0014 

i  J-  PERFORMING  ORGANIZATION  SAMS  ANO  AOORESS 

j  Ivavne  State  University 
j  5050  Cass  Avenue 
j  Detroit,  MI  43202 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  &  WORK  UNIT  NUMBERS 

t  ’  : .  ::  -|T.1CwL^O  Crc!CE  ham£  and  vd  dress 
• 

*3.  NUMBER  0  r  CAGES' 

6 

*•  ul  ’<  ■  C  ?!:hO  '  0  -I  iC-/  t  *..♦£  \  O  0  1  £  a  !  1  .litJirtu  •rn.n  Zoturolllr.  2  OHica) 

Office  of  a aval  Research 

Resident  Represencive 

University  of  Michigan 

129  Cooley  3uilding,  Ann  Arbor,  MI  48109 

■  5.  SECURITY  CLASS,  (oi  if u*  report) 

c.  11  cluSoLricru  j 

■  o.<.  OECC  ASSI  F'CATION/  DOWNGRADING 

SCR  £DU L.E 

$.  0:  ST  iij  r;  ON  $7  A  f  :'<cH  7  ,  n  llii  .^aoorO  - — 

rmn 

A3;;r3vo::  tor  public  rslca.se;  a  is-  tribe  c  ion  unlimited. 


electe 

dec  3  0 1986 


Ji--  tJ  3L  r  c  • 


,'m  joa.'fac:  anr?f>9(i  n  3tocx  TO.  : !  -iiffarvn r  rrom  .tvoorr! 


S  I 

0 


E 


me  oiieui.:  c-> 


i in  . .  : 

cermcru-ie  j.: 
cr  due  1 3 ion. 


'  y  ••  1  > 


-i . :  It  b 


r;.'Co  ; 

Optical  si 
In equal i t: 
wave  prip; 
Dirt:  ini  i; 


■  n.'.'nun  --n  .•■’  ■■or  m  Jt da  it  i  •  c  » .*  j twv  tnd  idsmi r.'  rilock  number) 


rehastic  control,  singular  control,  impulse  control,  variational 
is,  free-boundary  problems,  numerical  solution,  error  estimates, 
ration,  turbulent  media,  progressing  waves,  travel  time,  stochastic 
: far ant ini  equations. 


;  -i-p  . . 

- 

■.**-  an  ’  *  n  •# 

/■  tr -i* 

rt  c  « 

/  t«:  u*/  .  .  rn; 

: .  -r  ?v 

A  numb 

-jr  • 

■ :  p  r  ■ 

13  1 

l“  m  0 

in 

optimal  s 

tneh 

a.-?  l  i- 

j  .  1 .3  n  ’ 

rue  i 

.  d  ■ 

rii 

nc  I 

ude  some 

pr.'b 

L  ».'T7  n 

minor  i 

■'ui 

ip  or  ' 

::  i; 

mu : : 

..Ml 

and  err  r 

es  E 

:  ;r.a  r , 

t:u:v.  rv 

me 

ro  i 

i 

:i  l  i 

‘H  ■ 

f  stoch  is 

r  lc 

purr 

;u: :  cm: 

•  is  a 

.  r  *  1 1 

m 

L:vj 

r  l?S  L 

igiceu  . 

/&  7S W 


WAYNE  STATE  UNIVERSITY 

COLLEGE  OF  LIBERAL  ARTS  DETROIT.  MICHIGAN  48202 


FINAL  TECHNICAL  REPORT 


Submitted  to 

U.S.  ARMY  RESEARCH  OFFICE 
DEPARTMENT  OF  THE  ARMY 


REPORT  DATE:  November  10,  1986 


PERIOD  COVERED  BY  REPORT:  December  1,  1982  -  August  31,  1986 


TITLE  OF  PROPOSAL: 


Stochastic  Partial  Differential  Equations  in 
Physical  and  Systems  Sciences 


CONTRACT  NUMBER: 


DAAG29-83-K-0014 


AUTHORS  OF  REPORT: 


Pao-Liu  Chow  and  Jose-Luis  Menaldi 


PERFORMING  INSTITUTION: 


Wayne  State  University 
5050  Cass  Avenue 
Detroit,  MI  48202 


Accession  For 

NTIS  GRA&I 
DTIC  TAB 
Unannounced 
Justification 


By - 

Distribution/ 


Availability  Codes 
Avail  and/or 
Dist  Special 


I.  Statements  of  Problems 


Research  has  been  conducted  in  three  major  problem  areas: 

(1)  Optimal  control  of  dynamical  systems  under  continuous  and/or 
impulsive  random  perturbations. 

(2)  Numerical  solution  of  stochastic  control  problems. 

(3)  Applications  of  stochastic  partial  differential  equations  in  physical 
sciences . 

In  the  period  of  three  years  ARO  funding,  we  have  emphasized  our  research 
work  in  the  first  problem  area.  In  this  area  we  have  investigated  several 
problems  in  singular  and  impulsive  control  problems  which  arise  from  applied 
problems  in  opertion  research  and  engineering  sciences.  In  order  to  implement 
the  theory  of  optimal  stochastic  control,  the  numerical  approximation  scheme  is 
indispensible.  We  have  initiated  a  research  program  in  the  second  problem  area. 
The  initial  phase  of  investigation  has  been  restricted  to  some  optimal  correc¬ 
tion  and  optimal  stopping  problems.  The  third  problem  area  has  been  our  long¬ 
standing  research  interest  in  stochastic  partial  differential  equations  and 
their  applications  to  engineering  and  physics.  In  this  area  we  have  studied  in 
stochastic  inverse  problems  in  wave  radiation  problems,  the  wave-travel  time  in 
turbulent  media,  as  well  as  the  theory  of  stochastic  partial  differential  equa¬ 
tion. 
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II .  Summary  of  principal  results. 


Duririg  the  proposed  period  of  investigation,  a  number  of  research  findings 
have  been  summarized  in  a  series  of  semi-annual  reports,  which  have  been  sub¬ 
mitted  periodically  to  ARO.  Instead  of  repeating  the  previously  reported 
results,  we  will  only  outline  the  major  results  and  refer  the  reader  to  the 
cited  papers,  where  the  details  and  other  results  may  be  found.  The  numbers 
below  correspond  to  the  paper  numbers  indicated  in  the  list  of  publications 
given  in  the  nett  section 

(1) .  Singular  stochastic  control  problems: 

We  introduced  a  powerful  analytical  method  for  solving  this  class  of 
problems  by  means  of  variational  and  quasi-variational  inequalities.  This  ap¬ 
proach,  in  contrast  with  the  usual  probabilistic  approach,  allows  an  extension 
of  one-dimensional  results  to  higher-dimensional  cases  more  easily.  The  papers 
[3,  3,  12]  deal  with  the  singular  stochastic  control  theory  in  one  dimension. 
The  results  are  generalized  to  optimal  correction  problems  [9,  11,  19]  in  random 
vibntions  in  two  dimensions  with  full  or  partial  observations. 

(2) .  Control  of  diffusion  processes  with  jumps: 

To  extend  the  range  of  applicability  of  stochastic  control  models  the 
external  disturbances  are  allowed  to  be  random  impulses  in  additon  to  the  white 
noise.  Analytical  method  and  solution  of  such  problems  are  given  in  the  papers 
[7,  10,  16,  20]. 

(3,).  Impulse  and  other  type  of  control  problems: 


Some  impulse  stochastic  control  problems  have  been  treated  in  [1,  16,  20]. 
These  problems  arise  commonly  in  the  area  of  operation  research.  In  the  presence 
of  some  state  constraints,  one  is  lead  to  control  of  reflected  diffusions. 
Several  mathematical  questions  are  resolved  in  the  paper  [2]. 

(4) .  Numerical  approximation  in  stochastic  control  problems: 

We  have  introduced  a  numerical  algorithm  for  solving  a  certain  type  of 
singular  control  problems  in  [14,  18].  The  method  is  an  iterative  scheme  based 
on  a  discret  maximum  principle.  It  applies  to  the  degenerate  diffusion  problem 
as  well.  Furthermore,  error  estimate  for  the  numerical  solution  for  a  stochastic 
control  problem  is  treated  in  [14,  22], 

(5) .  Stochastic  PDE's  and  applications: 

A  general  method  is  proposed  for  reconstructing  the  mutual  coherent  func¬ 
tion  for  a  static  or  moving  source  from  the  random  radiation  data  [4].  Several 
applications  of  stochastic  differential  equations  to  engineering  science  are 
discussed  in  [5].  The  statistics  of  travel-time  for  waves  in  turbulent  media  is 
treated  in  [16,19].  Some  theoretical  aspects  of  stochastic  PDE's  are  studied  in 
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